configuration itself can be systematically examined. First, the eight objects were presented in fixed locations but on dampened springs, so that they jiggled when touched. In pilot work, infants consistently reached to and touched such objects, but they did not do so when the objects were rigidly attached. Second, the two categories in each array included a likely higher salient set (complex shapes: animals) and a lower salient set (simple shapes: blocks), again because past research suggested that greater attention was given to animals and/or other complex shapes (e.g., Kirchner & Thorpe, 2006; Mandler, 2004; Sandhofer & Smith, 2004) . In this way, we asked whether the type of object has an overall influence on target selection. Third, we manipulated contrast effects in the array. Pilot studies showed the center location to be highly salient in and of itself, so we manipulated the number and location of the two kinds of objects with respect to the center. One set, which we call the target set, consisted of three objects more centrally or forwardly located; the other set, the background set, consisted of five objects, filling out the array. Although the 3:5 ratio of target to background is relatively small, the arrays (as shown in Figure 1 ) may be construed as a central "figure" of minority objects in a "ground." As is also shown in Figure 1 , the two array configurations differ with respect to the nearness of the two objects (in the target, or minority, set) matching the center object.
METHOD Participants
Twenty-six 12-month-olds (age range, 11.34-13.32 months; M 5 12.42), twenty-three 15-month-olds (age range, 14.0-16.7 months; Within this framework, the emergence of sequential touching may be understood as an increased influence of object similarity in the dynamic updating of the priority map for target selection. During this period of development, activation in the map from touching one object may begin to spread by similarity rather than by nearness alone. Determining the accuracy of this description of developmental change would be an important first step toward an explanation of the origins of sequential touching, including the possible integration of "where" with "what."
However, because sequential touching has not been framed in these terms, there is much we do not know about the possibly relevant processes of target selection and how they might change. The present experimental design was motivated by two working hypotheses about how updating in priority maps may change with development. First, there may be an increase in dynamic updating itself. Younger infants' behavior could, in general, be less influenced by their just-previous actions, with each reach relatively independent of the previous reaches and, perhaps, more dependent on the objects themselves or on the stable properties of the array. Second, there could be a shift from dynamic updating principally in terms of space (direction of reach) to updating principally in terms of object properties. This idea that space might dominate in early priority maps fits findings that reaching is often spatially perseveratory in 8-to 12-month-olds (Smith, Thelen, Titzer, & McLin, 1999) .
We developed a new task to examine these possibilities. As in sequential touching, the task presents infants with an array of eight objects of two kinds. However, the new task differs from the usual sequential-touching task so that the roles of space, of object properties, and of the 
Object and Array Effects
By design, there are two ways through which object properties might have a persistent effect on target selection: through their frequency in the array (minority vs. majority status) or through object salience (animals vs. blocks). The appropriate contrast to test the influence of these two factors independent of the influence of location is to compare reaches to locations L1 and L2, the only locations that contained both minority and majority objects, as well as both animals and blocks, across arrays. Because there was a wide range of total reaches per array (4 to 49), the proportion of reaches was used as the dependent measure. A 3 (age) 3 2 (animals vs. blocks) 3 2 (minority vs. majority) 3 2 (location) mixed ANOVA on reaches to L1 and L2 revealed an effect of array [F(1,126) There was a slight bias at all ages for reaching to the majority objects. Figure 3 shows (and paired-sample t tests with a Bonferroni correction confirmed) that only 15-month-olds [t(22) 5 3.415, p 5 .007] reached more often to a location when it contained a majority object; neither 12-nor 18-month-olds reached significantly more ( ps . .17) to majority objects. These results could indicate a pull toward the denser set of objects, an idea we will consider subsequently. The results also suggest that, as an effect of intrinsic salience, animal-block manipulation was not strong enough to override other factors in determining target selection. Overall, these analyses of location, object, and array effects indicate minimal developmental differences. This outcome makes conclusions from the following analyses of dynamic updating (with respect to the spatial proximity of targets and their object similarity) straightforward.
Updating of Priority by Location
Does a current reach increase the likelihood of a next reach to a near location? In the limit, this might be seen as a high rate of return to the very same location on the next reach. Accordingly, we first examined the frequency of successive reaches to the same location. A 3 (age) 3 2 (array) 3 4 (location) mixed ANOVA revealed a difference in this tendency by age [F(2,69) 5 5.359, p 5 .007], with the 15-month-olds (M 5.2162, SD 5 .1367) showing the strongest tendency to reach back to the very same M 5 15.26), and twenty-three 18-month-olds (age range, 16.8-19.2 months; M 5 18.31) were recruited from a middle-class population in a Midwestern town. Twelve other children were not included in the experiment due to fussiness, experimenter error, or parent noncompliance with the instructions. Participants received a small gift (e.g., t-shirt, book, small toy) in exchange for their participation.
Stimuli
Arrays consisted of eight objects (3.8 to 5.0 cm along the longest dimension) mounted by springs on a 60.96 3 25.4 cm pegboard at the locations (and distances) indicated in Figure 1 . Each array consisted of three identical objects of one kind and five identical objects of another kind. Every array contrasted blocks with animals. For half of the children, the minority target set was blocks; for the other half, it was animal objects. On any array, the objects of a particular kind were identical, but different arrays were constructed using different animals (turtles, lions, elephants) and blocks (cubes, spheres, cylinders) across children to ensure that any emerging patterns were not due to the particular objects used.
Procedure
Each array was presented for 2 min to an infant sitting on his or her parent's lap across a table from the experimenter. The order of presentation (of presenting either Array 1 or Array 2 first) was counterbalanced across participants. Each board was presented with the spoken instructions, "Here; you play with these." If children stopped playing before 2 min had elapsed, the experimenter waved her hand over the entire board, drawing the child's attention, saying, "You play with these." No other feedback or instruction was given. Parents were instructed not to direct their infant's behavior or attention in any way during the experiment. Infants' and parents' behaviors were videotaped for later coding. If a parent did not comply with the instructions, the infant's data were not included.
Coding and Scoring
Experimental sessions were coded using MacSHAPA (see Sanderson et al., 1994) . Each reaching event was coded for start and completion time, the type and location of the object, and hand used. The start times were used to order the reaching events. If two reaches occurred within 1 sec of each other with the infant not completely withdrawing the hand (e.g., patting the object), they were counted as a single reaching event. Two coders coded 30% of the data independently, and no disagreements about the order of targets or hand used were found.
RESULTS
In order to provide a clearer picture of what determines target selection, the analyses first considered factors independent of dynamic updating: location, complexity, minority/majority status, and array. We then considered the more critical question of whether and how an action influences the selection of the next target-in particular, looking at whether a next reach depends on the location of a just-previous reach or on the kind of object just reached to. Figure 2 shows the mean frequency of reaches to each location independent of the object and location of the justprevious reach. The majority of reaches went to the center location. A 3 (age) 3 8 (location) mixed ANOVA revealed a main effect of location [F(7,483) 5 128.862, p , .001] but showed no other significant effects. ]. There were no other significant effects ( ps . .07). These results suggest an increase in the role of object properties in organizing sequential action. Analyses of the proportion of transitions to a new location that contained the same object kind yielded the same conclusion. A 3 (age) 3 2 (array) mixed ANOVA revealed a significant effect of age [F(2,69) 5 7.561, p 5 .001], with the 18-month-olds (M 5 .4304, SD 5 .1512) reaching next to the same object type more often than did 15-month-olds (M 5 .3034, SD 5 .1415) or 12-month-olds (M 5 .3295, SD 5 .1614). There were no other significant effects ( ps . .2). Again, there is a clear increase in influence of object kind on sequential reaches with age; this appears particularly markedly in 18-month-olds.
Location
To test the strength of these observations, we also considered reaches to L1 and L2 after a reach to the center, as a function of array, because these two locations provide a direct contrast of location and kind effects. This comparison was performed in the 3 (age) 3 2 (animal vs. block) 3 2 (minority/majority) 3 2 (location) mixed ANOVA presented in the "Updating of Priority by Location" section above. A significant interaction between age and minority/majority was found, indicating, as is shown in Figure 4 , that the 18-month-olds reached to a location (either L1 or L2) more often when it contained the same kind of object than when it contained a different kind of object, whereas the younger infants did not. Interestingly, the same pattern was observed when the transitions were in the reverse direction, from L1 or L2 to the center. Next reaches from either location went to the center more often when the location contained a minority object (M 5 .4599, SD 5 .2740) than when it contained a majority object (M 5.3256, SD 5.1714) [t(21) 5 2.70, p 5 .013]. Again, there is a clear effect of kind on the selection of targets during sequential reaching for 18-month-olds. The location. There was also an effect of location [F(3,195) 5 55.873, p , .001], with the strongest tendency to reach back to the same location occurring after a reach to the center location (M 5 .2460 (M 5 . , SD 5 .1938 .
We also asked whether priority spreads by location. Because there is a strong bias to reach to the center, this can be answered most straightforwardly by comparing the proportion of reaches to L1 with the proportion of reaches to L2 after a reach to the center, which always contained a minority status object. A 3 (age) 3 2 (object) 3 2 (array) 3 2 (location) mixed ANOVA revealed an effect of location [F(1,69) 5 4.893, p 5 .03], with more reaches to L1 (M 5 .3272, SD 5 .2127) than to L2 (M 5 .2751, SD 5 .1832), and an interaction between age and array [F(2,115) 5 3.82, p 5 .025]. No other effects approached significance ( ps . .14), other than a marginally significant interaction between object and minority/majority and location [F(1,115) 5 3.392, p 5 .068], which was due to a greater tendency for infants to reach to animals than to blocks at L1, perhaps, again, indicating the (albeit weakly) greater salience of animals.
At all ages, children reached more often to the location adjacent to the one they last reached to, indicating that priority does spread by location. When considered independently of the just-prior reach, there was no such preference to reach to L1 (M 5 .2662, SD 5 .1223) rather than to L2 (M 5 .2711, SD 5 .1215). The interaction between age and minority/majority status reflects a preference by 18-month-olds to reach to the L1 and L2 locations when they contained an object that was the same as the justpreviously-reached-to center object (i.e., a minority object), as indicated in Figure 4 , indicating that, for this age group, target selection was influenced by object similarity.
Updating of Priority by Kind
The overall tendency for successive reaches by kind was measured by a log-odds ratio that compared the odds of reaching next to an animal object when the just-previous reach was to an animal than when it was to a block, and vice versa. The more positive the log-odds ratio, the more likely it was that a next reach went to an object with the integrative priority map for object-directed action, and it may be this development that gives rise to the sequential touching of like kinds in late infancy.
From this perspective, the 15-month-olds present an intriguing intermediate stage in the integration of information about object properties into the coordination of sequential action. At all ages, there was a slight bias to reach more to majority than to minority objects, but this was particularly strong (and highly reliable) for the 15-month-olds. It may be that object similarities first influence action via an overall contextual salience, perhaps on the basis of the frequency of object properties in the array. The global layout of properties across locations may be compared, creating greater priority for the more frequent kind. In this way, target selection can be influenced by the object properties across the array but not by the object properties of the specific object just reached to. The interesting developmental question is how this global influence of object properties leads to object properties influencing the dynamic updating of the priority map.
In conclusion, the present task presents new findings on the early development of sequential goal-directed action and raises new questions about the integration of object properties into action. Relevant future questions concern how extrinsic salience, contrast, location, and history with the particular objects may interact at each developmental level, how the dynamics of priority maps prior to 12 months and after 18 months are changing, and the mechanisms of this change.
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two younger groups of infants showed no significant effects of kind in parallel analyses ( ps . .08).
In sum, the younger infants' sequential reaching demonstrated no sensitivity to the visual similarity of targets. The infants did, however, demonstrate sensitivity to the spatial configuration of the object array. Overall, they reached more to the center location and, after a reach to the center, more often to a nearby location, both when it contained the same object as the center and when it contained an object different from the center. In contrast, reaches by 18-month-olds increased the priority of objects identical to the object just reached to, indicating an increase in priority spread by similarity.
DISCUSSION
These findings present new evidence regarding two fundamental issues: (1) the sequential organization of behavior, including how a just-past action potentiates the next action (Lashley, 1951) ; and (2) the integration of sensory information for guiding movement (Churchland & Sejnowski, 1994) . Research in a number of domains, including search tasks (Treisman & Gelade, 1980) and tracking tasks (Blaser, Pylyshyn, & Holcombe, 2000; see also Carey & Xu, 2001) , as well as in neuropsychology (Desimone & Duncan, 1995) and cognitive neuroscience (Goodale & Milner, 1992; Tanné, Boussaoud, Boyer-Zeller, & Rouiller, 1995) , suggest that information about object location and information about object properties involve separate processing streams. But everyday behavior requires us to coordinate these two sources of information to achieve coherent sequences of behaviors. The present results suggest that this coordination may strengthen between 12 and 18 months, so that the sequence of reaches by the youngest infants appears to be governed primarily by the location of the objects, without regard to their perceptual properties. For the oldest children, in contrast, reaching priority spreads by the similarity of the targets, increasing the likelihood of sequential reaching to like things.
The pattern by the older children is in accord with sequential touching patterns often interpreted as classificatory acts (Mandler et al., 1991) . That interpretation and the present one, in terms of a priority map, are not at odds. A priority map that spreads activation by the similarity of object properties and not just by spatial proximity is a map that organizes potential targets by kind. However, demonstrating the recognition of like kinds through sequential touching also requires actions that coordinate location and object information. Thus, the present conceptualization of this phenomenon in terms of a priority map may contribute to a deeper understanding of how and why sequential touching of like kinds emerges when it does. At present, the only explanation of this phenomenon is that infants sequentially touch like kinds because they recognize their similarity. This is not an adequate explanation, because considerable research using preferential looking as a dependent measure shows that much younger children recognize like kinds (Quinn & Eimas, 1998) . The influence of object similarity on action requires the coordination of vision for action and vision for object recognition into one
